Introduction
Transmembrane (TM) proteins are of great importance in various biological functions. However, there are a small number of TM proteins whose three-dimensional structures are determined. According to the previous bioinformatics studies, residue at helix contact in transmembrane helix (TMH) bundle frequently changes into another residue with similar volume. The volume of the residue near the center of the protein scarcely changes. The properties of the conserved amino acid in the TMH bundle and of the contacting residues between TMH must be valuable for knowing the principles of the structure formation of the TM protein.
In this study, the conservation tendency of the amino acid residue is analyzed in several TM protein datasets. It is shown that the residues are more conservative at the inner positions of the TMH bundle. Furthermore, the residues in contact region tend to be conserved. The analysis presented here will be valid also for the prediction of the TM protein structures.
Materials and Methods

Preparation of Datasets
A TM protein of known structure is chosen as a query for an objective dataset of the TM proteins. Sequence similarity of each protein with the query is calculated within the dataset from SWISS-PROT Release 43 using BLAST [1] . Sequences whose degrees of similarity are above a threshold are collected and considered as a dataset for this study. The threshold value of sequence similarity between 25-50% is determined to obtain the suitable dataset of protein sequences. Fragmented sequences are excluded at this step.
Degree of Conservation
The degrees of conservation of the residues in the TMH bundle are evaluated from the protein dataset by the multiple sequence alignment using ClustalW [2] . ClustalW classifies each residue into four types, i.e., fully conserved, strongly conserved, weakly conserved, and not conserved. The results are used for the quantitative analysis.
Conservation Vector and Conservation Index
Novel quantities, 'conservation vector' and 'conservation index', are introduced to represent the conservation tendency of each TMH in the bundle.
The conservation vector gives the synthetic direction of the conserved residues on TMH from the center axis of the helix. The conservation vector C r is defined as follows; 
where values F , S , and W mean the ratios of conservation on TMH, i.e., fully conserved, strongly conserved and weakly conserved, respectively. Parameters f ′ , s′, and w′ are used to regulate the index.
Conservation of Residues in Contact Region
The amino acid residues in the contact region between TMH are located, and their degrees of conservation are investigated based on the known structure of the query protein. The substitution ratios of the contacting residues are evaluated, and their properties are analyzed taking account of the contact pair formation.
Results and Discussion
In the simple TM protein case, most of the conservation vectors turn toward the inside of the bundle, although they are not exactly parallel to the vector B The inner residues, especially, the residues toward the inside, are more conservative than the others in the TM bundle. In addition, it can be shown that the contacting residues in the helix-helix interface of TMH bundle tend to be conserved. The results obtained in this study must be important to understand the bundle formation in TM protein. 
